Introduction
Rheumatoid arthritis (RA) is a chronic progressive inflammatory disease, characterized by synovial inflammation and hyperplasia, leading to progressive cartilage and bone destruction [1] . RA is a disease with chronic systemic inflammation and immune system activation, which through early and enhanced effects on vascular function and morphology leads to accelerated atherosclerosis [2, 3] . Chronic inflammation may impair vascular function and lead to an increase of arterial stiffness, an important determinant of cardiovascular risk [4] . Traditional cardiovascular risk factors such as hypertension, dyslipidemia, diabetes mellitus, smoking, obesity, and physical inactivity cannot entirely explain the higher level of cardiovascular complication, and there is growing evidence that chronic inflammation is the main culprit [5] . The standardized mortality ratio for patient with RA is 2.0, and their median survival is as many as 17 years less than that of the general population (GP). Most of this excess mortality is attributable to cardiovascular events [6] . Mortality in patients with RA is higher than in the GP, which is mainly owing to premature cardiovascular disease. Accelerated atherosclerosis is not simply a 'lipid storage disease'. It is an inflammation that plays a major role in its initiation and progression, which attributes to chronic inflammation in patients with RA [7, 8] .
The patients with atherosclerosis have increased arterial stiffness compared with patients without evident atherosclerosis. In the presence of atherosclerosis, stiffness of large arteries is increased, and it has been suggested that arterial stiffness may be a useful marker of the extent of atherosclerosis in the aorta [9] . Parameters that describe vessel stiffness include compliance and distensibility. The consequence of reduced compliance and distensibility is an increased propagation velocity of the pulse pressure along the arterial tree, called pulse wave velocity (PWV) which is inversely correlated with arterial distensibility and relative arterial compliance [10] . Decreased elastin, increased collagen in the arterial wall, and abnormal endothelial regulation of arterial smooth muscle tone are responsible for arterial stiffness in the aging process, diabetes mellitus, endstage renal disease, and RA [11] . In these groups, increased aortic stiffness, wave-reflection with consecutive elevation of PWV, and endothelial function are independent predictors of cardiovascular risk and may directly accelerate the atherosclerotic process [12] .
PWV and augmentation index are the two major noninvasive methods of assessing arterial stiffness. PWV reflects the stiffness (elasticity) of segmental artery (carotid to femoral segment). It can be calculated as the distance (D) traveled by the pulse wave divided by the time taken to travel the distance (T). Carotid-femoral PWV is considered to be the gold standard for assessing central arterial stiffness [13] . PWV as a measure in this study in patients with RA and GP represents the velocity of the pulse wave transit from the common carotid artery (CCA) to the femoral artery (FA). Thus, PWV is a measure of aortic stiffness, an elastic artery with muscular contributions to its compliance [14] .
The aim of this study was to compare the aortic stiffness in patients with RA with GP and to evaluate the determinants of their stiffness.
Patients and methods
In this longitudinal observational study, we estimated 80 patients with RA older than 18 years who attended the rheumatology department of our public clinical hospital. All patients fulfilled the America College of Rheumatology diagnostic criteria for RA [15, 16] . To avoid confounding by other risk factors for atherosclerosis, we used the following exclusion criteria: history of ischemic cardiovascular disease, valvular heart disease, cardiac arrhythmia, hypertension, renal impairment with reduced glomerular filtration rate (≤60 ml/min/1.73 m 2 ), diabetes mellitus (raised fasting blood glucose ≥7.0 mmol/l), hyperlipidemia, premature menopause, recent surgery, pregnancy, and recent illness unrelated to RA. Approximately 93 (9.68%) [9] of the beforeenrolled patients with RA were ineligible because of these exclusion criteria.
The control group consisted of 71 patients from the GP. The total number of participants recruited from ambulatory patients was equal to their proportion in the GP according to predefined criteria: age, sex, BMI, and smoking, compared with those of the study group patients. All the above-mentioned exclusion criteria were used during selection of the control group, too. All participants from both groups signed an informed consent, and Ethics Committee of our institution approved the study.
Assessment

Estimation of PWV
We used linear array 5-10 MHz multifrequency ultrasound probe GE 10L (General Electric Logiq Pro 5, E Medical Systems, 4855 W Electric Avenue, Milwaukee, WI 53215, USA) at sequential Doppler signals recording of carotid and FA synchronized with electrocardiography (ECG) signal. First, we recorded the Doppler flow waveform of the proximal CCA and then of the distal site (FA) transcutaneously at the base of the neck for the left CCA and over the left FA in the groin. The next step is the detection of the delay or the difference in arrival time of the flow wave at these arterial locations. The basic principle of PWV estimation is shown by hand drawing (Fig. 1 ).
The distance line marked as D1 in Fig. 1 presents the traveling path that blood makes to access from the heart to the left CCA, and T1 line shows us the time needed for blood to cross the path. The distance line marked as D2 presents the traveling path that blood makes to access from the heart to the left FA, and T2 line shows us the time needed for blood to cross the path. The length of the time line T1 is determined by the distance between R wave of the ECG signal and the foot of the left CCA waveform signal. The length of the time line T2 is determined by the distance between R wave of the ECG signal and the foot of the left FA waveform signal. That means that synchronization start point for the both time lines (T1 and T2) is the same, i.e., R wave, (the second of three graphical deflections seen on typical ECG, Q wave, R wave, and S wave) which occurs in rapid succession named of QRS complex.
Distances between the sampling sites (D=D 2 −D 1 ) were measured as straight lines between the points on the body surface using a tape measure located at the same place as the ultrasound probe, with two-dimensional guidance to localize the exact position of the analyzed arterial site [17, 18] 
Clinical and biochemical parameters
Clinical and biochemical parameters [plasma glucose, cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides, C-reactive protein (CRP), serum albumin, fibrinogen, and erythrocyte sedimentation rate (ESR)] were determined in all participants using standard laboratory procedures, performed on a Cobas Mira S Analyzer (Roche Diagnostics, Holliston, Massachusetts, USA). Blood was drawn in a fasting state, and mean values obtained from three measurements during the 3 months before PWV measurements were used in the analysis.
Statistical analysis
The data were analyzed using MedCalc for Windows, 13.0.6.0. (MedCalc Software, Ostend, Belgium). The results were expressed as mean±SD or percentage. Student's t-test for unpaired data was used to compare the patients with RA and GP. Simple linear regression analysis was performed to assess the associations between dependent and independent variables. Multiple backward regression analysis was used to predict outcome of a response variable. All tests were two sided, and P less than 0.05 was considered to indicate a significant difference.
Results
During the 2-year period from May 2014 to April 2016, color Doppler ultrasonography measurement and biochemical and other demographic examination were successfully conducted on 80 patients with RA and 71 GP (age: 45.8±8.78 and 46.1±8.64 years, respectively), with their BMI 23.43±2.72 and 23.61± 1.19, respectively. The mean rheumatoid arthritis duration (RAD) was 6.2±3.9 years. The demographic and biochemical characteristics of the patients are presented in Table 1 .
The mean PWV in patients with RA was 7.687± 1.03 m/s, and the mean PWV in GP was 7.253± 0.97 m/s. There was a high statistical significance between the mean PWV in the patients with RA and GP (P=0.0087). The results from unpaired ttest between PWVs in both groups, mean, 95% confidence interval (CI) of the mean, range, median, 25th and 75th percentiles, test statistic t, difference, Ftest for equal variance, and two-way probability are presented in Fig. 2 .
In patients with RA, we found the following coefficients of determination: R 2 =0.1176 for relationship between PWV and RAD and R 2 = 0.3994 for relationship between PWV and age. The coefficient of determination R 2 (0.1176=0.343 2 ) showed that 11.76% of the total variability was explained with the linear relation between PWV and RAD accompanied by other determinants, or that 11.76% from PWV (as measure of aortic stiffness) was dependent on RAD as the predictor and other determinants (glucose, cholesterol, HDL-C, LDL-C, CRP, fibrinogen, and so on). The coefficient of determination between PWV and RAD in young individuals (mean age: 37.3±2.1 years and mean RAD: 4.9±2.7 years) was R 2 =0.4502 (or 0.671 2 ). This shows that 45.02% of the total variability was explained with the linear relation between PWV and RAD in young individuals, or that 45.02% from PWV was dependent of RAD as the predictor. The coefficient of determination R 2 (0.3994=0.632 2 ) showed that 39.94% of the total variability was explained with the linear relation between PWV and age accompanied by other determinants, or that 39.94% from PWV was dependent on age of the patients with RA as the predictor and 60.06% from the other determinants (glucose, cholesterol, HDL-C, LDL-C, CRP, fibrinogen, and other traditional and nontraditional risk factors).
In GP, we found coefficients of determination: R 2 =0.6320 for relationship between PWV and age. The coefficient of determination R 2 (0.6320=0.795 2 ) showed that 63.20% of the total variability was explained with the linear relation between PWV and age in GP accompanied by other determinants. That means that 63.20% from PWV was dependent on age of the GP as the predictor and 36.80% from the other aforementioned determinants (glucose, cholesterol, HDL-C, and so on). The summary scatter plot diagram of relationship between PWV and other determinants (RAD and age) in patients with RA and GP is shown in Fig. 3 . Figure 3 shows a scatter plot of PWV and other variables: RAD and age in patients with RA and age in GP. Each circle has the value of one variable determining the position on the horizontal axis (RAD and age in patients with RA, and age in GP) and the value of the other variable (PWV) determining the position on the vertical axis. There was a positive association between PWV and these variables. We can compare the slopes (steepness of the angle of the regression line) of the regression line to estimate the overall strength of the relationship. The first plot shows a modest positive relationship between variables (PWV and RAD), the second plot shows a stronger positive association between variables (PWV and age of patients with RA), and third plot shows strongest positive association between PWV and age in GP.
Linear regression
The results of linear regression represent the relationship between a scalar dependent variable Y (PWV, m/s) and an explanatory variable denoted X (RAD). They were presented as equation of simple linear regression y=7.1309+0.0971x (P<0.0001, intercept; P=0.0018, slope), regression parameter b 0 =7.1309, regression parameter b 1 =0.0971, and coefficient of determination 
Figure 2
Test for unpaired data between the patients with rheumatoid arthritis and general population. PWV, pulse wave velocity. showed the expected theoretical value of PWV in case that RAD would have a value equal to zero. This parameter also showed the point of the y-axis (dependent variable axis, PWV) through which the regression line passed. The regression parameter b 1 =0.0971 signified that with each increase of one unit (year) in RAD, the PWV score increased by 0.0971 m/s or 9.71 cm/s (0.971 m/s/ decade). The coefficient of determination R 2 (0.1176) showed that 11.76% of the total variability was explained with the linear relation between PWV [m/s] and RAD [year] or that 11.76% from PWV was dependent on RAD. Only 11.76% of the changes in PWV were the result of RAD value changes, and the remaining from the total variability between them were not explained (88.24% of PWV were dependent on other factors, which were not covered with the regression model). There was a positive association between these variables, showed by the thickened red line.
The 95% CI of intercept (95% CI=6.718-7.544) is shown by the blue dashed line, and prediction interval is shown by the green dashed line. The diagonal line (blue thin line) is a reference line (x=y) Summary scatter plot diagram of relationship between pulse wave velocity (PWV) and rheumatoid arthritis duration (RA duration), PWV and age in patients with rheumatoid arthritis, and PWV and age in general population individuals. P, coefficient of significance; r, coefficient of correlation.
Figure 4
Scatter plot of pulse wave velocity (PWV) and rheumatoid arthritis duration (RAD).
that is splitting the graph in two equal areas by straight of 45°.
Multiple regression
Assessments [standardized coefficient β (β st ), SE of β st , t, and P value] of the independent predictor CRP or determinants (RAD, HDL-C, cholesterol, triglycerides, LDH-C, and cholesterol) for increasing of PWV as dependent variable Y in patients with RA and GP after backward multiple regression analysis are shown in Table 2 .
The P values showed the following order of statistical significance: CRP (0.0009), RAD (0.0018), HDL-C (0.0271), and cholesterol (0.0350) for patients with RA, and CRP (0.0016), triglycerides (0.0117), LDL-C (0.0206), and cholesterol (0.0261) for GP. There was an inverse correlation (negative β st coefficient, β st =−1.0610) between the PWV and HDL-C in patients with RA only.
Discussion
There are a small number of studies that examined aortic stiffness in patients with RA and compared their results with the results of aortic stiffness in the GP [19] . Most of the studies that have evaluated the aortic stiffness expressed by PWV emphasized only the cardiovascular mortality risk factors in patients with RA and have not paid attention to aortic stiffness for comparison between the groups, especially not the factors that determine it [20, 21] .
We compared the aortic stiffness in 80 patients with RA and 71 matched controls and evaluated the determinants of their aortic stiffness. We found a statistically significant difference between aortic PWVs as measure of aortic stiffness in the patients with RA and the GP (P=0.009). Although we selected younger patients in the patients with RA and GP groups with aim to eliminate the effect of the natural process of atherosclerosis during ageing, the differences in stiffness of the aorta were still evident with statistical significance. It is obvious that these differences are generated by some other processes besides ageing in patients with RA, processes which further contribute to the advanced progression of arterial stiffness in patients with RA. Because PWV is an age-dependent parameter, the clinicians need to know the mean value of PWV in GP. The age-adjusted mean PWV values in the GP in our study match with the mean PWV values in GP in another study (our results: 7.253±0.97 m/s, vs. range of another study results: 6.68-7.03 m/s) [22] .
We found that the mean PWV values in patients with RA were slightly different because of the different ages in our patients with RA group (7.687 m/s, in 45.8 year vs. 8.35 m/s in 57 years) from those in the study by Mäki-Petäjä et al. [23] . A systematic review and metaanalysis of literature studies about arterial stiffness in 1472 patients with RA and 1583 controls found significantly higher aortic PWV in patients with RA than in controls (mean difference: 1.32 m/s, P<0.00001). The smaller mean difference of PWV between RA and controls in our study resulted from younger age (45-46 years) of the studied population than the patients from systematic reviews of literature studies by Ambrosino et al. [24] .
Despite the effect of the common traditional risk factors for atherosclerosis, increased aortic PWV or reduced arterial elasticity in patients with RA compared with lower PWV in GP is occurring independently of traditional risk factors. Variables not included in the model: albumin, HDL-C, fibrinogen, glucose, and ESR β st , β standardized; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GP, general population; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PWV, pulse wave velocity; RA, rheumatoid arthritis; RAD, rheumatoid arthritis duration.
The patients with RA showed higher aortic PWV than GP on the same age, but whether increased PWV is a consequence of RA or reflects vascular disease is unknown. In the GP group, only traditional risk factors (hypertension, diabetes mellitus, dyslipidemia, smoking, obesity, and physical inactivity) associated with progression of arterial stiffness in the elderly were evident. Unlike them, in patients with RA, arterial stiffness (i.e. PWV) is accelerated owing to synergism between age and traditional risk factors plus factors related to the RA (i.e., nontraditional risk factors: inflammatory markers CRP, ESR and serum albumin, disease activity scores, seropositivity, physical disability, destructive changes on joint radiographs, extra-articular manifestations, and corticosteroid use) [25] . That is the reason which suggests that classic risk factors do not explain excess vascular disease in patients with RA [2] .
In the patients with RA, by coefficients of determination we found that ageing process is still the leading factor in the genesis of atherosclerosis and blood vessels hardening, but the effect of this process is less pronounced than the effect of ageing on artery stiffness in GP (39.94 vs. 63.20%, respectively). The overall strength of the relationship between PWV and RA duration and between PWV and age has been presented by different slopes in the summary scatter plot. The effect of RAD on blood vessels hardening is smaller, but it has its own meaning (11.76%). In young individuals where the process of atherosclerosis is not yet advanced, the RAD participation showed stronger effect on artery stiffness genesis than natural ageing process in patients with RA (45.02%). Using linear regression equation, we found that patients with RA have PWV increase of 97.1 cm/s (0.971 m/s or ∼1 m/s) per decade of RAD. Tomlinson and colleagues proved that increase in PWV of 1 m is equate to a 39% increased risk of cardiovascular events, and that data should not be underestimated [18, 26] . A lot of studies provide evidence that RA is associated with increase in arterial stiffness as assessed by noninvasive PWV measurement. The vascular stiffness, as measured by PWV, predominantly reflects the stiffness of large-and medium-sized arteries. This suggests that a higher degree of stiffness of medium-sized conduit arteries may play a role in protecting the microcirculation from a highly pulsatile forward pressure wave [4, 27] .
Abnormalities in these arteries may result from functional abnormalities, such as endothelial dysfunction, to structural changes, such as atherosclerosis [28] . The patients with RA who had no cardiovascular symptoms showed impaired diastolic function indicating that diastolic dysfunction is one of the first detectable cardiovascular abnormalities in this disease, as an accompanying sign of the increased PWV. Systolic function is conveniently (although not always accurately) measured as the ejection fraction. In patients with heart failure, the stage of diastolic dysfunction is a stronger predictor of mortality than ejection fraction [29, 30] .
Considering the results obtained by linear regression analysis that 60% of PWV change in patients with RA and 37% of PWV change in GP are dependent on additional (not ageing) traditional and nontraditional risk factors, we made multiple regression analysis to find their determinants and predictors. By multiple regression analysis, we found determinants of stiffness progression (PWV) expressed by β st coefficients: CRP, RAD, HDL-C, and cholesterol. We found inverse correlation between PWV and HDL-C in patients with RA. Patients with RA have accelerated atherosclerosis despite the appearance of having a less atherogenic lipid profile than GP. The major activities of HDL-C are its antioxidant and cholesterol efflux function. HDL-C antioxidant capacity inversely associated with inflammation and RA disease activity [31] . Patients with RA demonstrate low total cholesterol driven mainly by low HDL-C concentrations. Numerous studies report an inverse correlation between inflammatory markers (CRP and ESR) and HDL-C. Despite the statistically high significant difference between laboratory markers (cholesterol, albumin, fibrinogen, and ESR), we did not find any statistically significant associative connection of the aforementioned variables with PWV. Traditional cardiovascular risk factors certainly contribute to the increased risk of mortality in patients with RA, but do not fully explain it [32] . Rather, the high systemic inflammatory burden associated with RA appears to be a key driver of increased artery stiffness, increased PWV, and cardiovascular risk. The elevated levels of cytokines and other inflammatory mediators detected in RA, like CRP, are included in the concept of inflammatory-driven atherogenesis and artery stiffness progression [2] . In patients with RA, the primary site of inflammation is the synovial tissue, from which cytokines can be released into the systemic circulation. Serum albumin concentration, although it was low in most patients with RA and in our study too, did not correlate significantly with PWV. The backward model of multiple regression analysis excluded this variable from the model.
Study limitations
The first limitation of this study was the relative small number of sampled patients. Recruiting female and especially male patients in sufficient numbers certainly will improve the significance in the study results. Considering the fact that selecting a sufficient number of patients of young age who are spared from the natural process of the atherosclerosis and with no additional comorbidities is very difficult, we that the number of included patients is not that small after all.
Using linear regression analysis instead of nonlinear regression model to assess the association between dependent and independent variables (PWV and RAD) during stiffening and atherosclerotic processes that are not linear is another limitation of our study. Yet, we decided to use this approximation because the small interval of the average lasting sickness from just 6 years belongs to the curve segment of the linear part of the exponential nonlinear process of stiffening and aging of the blood vessels, whether as an atherosclerosis process or from RA.
Conclusion
We conclude that classic and novel risk factors that can be significantly influenced by the systemic inflammation in RA (CRP, cholesterol) rather than cholesterol or high blood pressure alone will better predict increases in arterial stiffness and PWV. The PWV is significantly pronounced in patients with RA than PWV in GP, even in young patients with RA, before the first signs of atherosclerosis occur. CRP, RAD, and cholesterol are determinants with an effect on the PWV increase and HDL-C as determinant with an effect on stiffness decrease. The effect of RAD, with slightly lower value of 'P' than the P value of CRPs, is just another proof that RA duration affects the blood vessels making it more rigid. It makes the RAD to be the leading determinant in the increase of PWV and vascular stiffness.
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